The topology of the universe is discussed in relation to the singularity problem. We explore the possibility that the initial state of the universe might have had a structure with 3-Klein bottle topology, which would lead to a model of an oscillating (cyclic) universe with a well-defined boundary condition having no singularity. The same topology is assumed to be intrinsic to the nature of the proposed primitive constituents of matter (colour preons) which gives rise to the observed variety of elementary particles. Some phenomenological implications of this approach are also discussed.
Introduction
During the past few years the old idea of a cyclic universe [1] has regained new ground following a series of publications by Steinhardt and Turok [2] describing a model based on 10-dimensional colliding branes. This model surmounts the hurdles of the previous cyclic-universe models, such as the problem of growing entropy and the lack of a realistic physical mechanism for the rebounding of the oscillating universe after each collapse. That is why the Steinhardt-Turok model has attracted much attention. However, it requires the universe to have at least ten spatial dimensions, which is not yet confirmed by observational evidence. Here we shall return to a three-dimensional cyclic-universe model, in which the distinction between matter and space is abandoned. That is, we shall regard the matter particles as stable configuration patterns of a moving manifold (space), as was proposed by Wheeler and others [3] . Representing space by a moving manifold is logical because one cannot actually deal with the notions of space and motion separately from each other, as the use of one of them requires invoking the other and vice versa. We shall focus mainly on the topological aspects of the problem, gaining insight into the nature of the cosmological singularity. We also expect this approach to shed light on the singularity problem related to microscopic and macroscopic objects, such as elementary particles and collapsed stars.
Astronomical observations provide strong evidence that compact objects with sufficiently large masses for complete contraction do exist in nature [4] , e.g., in compact binary systems [5] with calculable masses of the components, in ultra-luminous compact X-ray sources [6] whose luminosities exceed the Eddington luminosity of a 100-solar-mass object, and in galactic nuclei [7] where the physical processes and the dynamics of stars near the nucleus indicate that the mass of the central object exceeds 10 8 to 10 9 solar masses. Such objects are routinely called supermassive blackholes. From the theoretical point of view, the centres of these objects must contain spatial singularities. Plausible evidence exists [8] that the universe in its past was also squeezed to a very small volume, which is regarded by the standard cosmological model as an indication that the universe was born from a singularity.
On the other hand, there is no physical evidence for spatial singularities whatsoever. So it would be logical to distinguish between the notions of "blackhole" and "singularity". The former could be regarded as related to a real physical object compressed below its Schwarzchild radius [9] , whereas a singularity, being a mathematical point, conflicts with physical reality. Based on scientific grounds, one can hardly accept the possibility of a physical object transforming into a mathematical abstraction (a point) and vice versa. The existence of singularities necessarily implies infinite gravity and, hence, the availability of an infinite amount of energy from finite sources. If a singularity is a point (in the mathematical sense) then the universe, born from a singularity, must have passed from non-existence to existence, which violates the conservation principle.
The idea of the point-like state of the universe was rejected by many physicists, proposing a variety of mechanisms to avoid it. Yet, the common belief is that general relativity based on idealisations, like any other theory, has a limited domain of validity, and that another theory (quantum gravity) has to be developed to deal with singularities [10] . Then the singularity must be "smeared" by quantum fluctuations [11] . But still there are some hints that this might not be the case: specially organised astronomical observations [12] detect no quantum fluctuations in vacuum which are needed to smear the singularity. It has also been indicated in the literature [13] that the effects of quantum gravity, which have had 10 10 years to act on the gamma-ray burst photons, should completely randomise the polarisation of these photons, contrary to what is observed [14] .
Following these clues, we shall explore here the possibility that general relativity is valid on all scales and that space is smooth down to arbitrarily small distances, containing no regions with infinite curvatures. In other words, we hypothesise that there should exist an upper bound to spacetime curvature, which is a natural assumption, given that sources of infinite energies are not observed in nature. A singularity then could be regarded as a topological feature of the manifold rather than its discontinuity.
One can consider such an object as a basic element of composite particle systems, developing the ideas of the preon-based composite models of elementary particles. In fact, considering topological features [15] or microscopic blackholes [16] as elementary particles is not new and is widely discussed in the literature. Here we shall look at this possibility from a slightly different point of view by assuming that topological features can form stable bound states related to the structure of elementary particles. We shall outline the proposed approach in the next two sections. Then, in Sections 4 and 5, we shall demonstrate the functionality of this model by presenting a few simple examples of preonic bound states. In Section 6 we shall comment on some possibilities of experimental verification of our model, and in Section 7 we shall discuss some implications of this approach in connection with the problems of cosmological singularity and the oscillating universe models.
Primitive particle
Consider a spinning 3-manifold (e.g. a sphere), S ∈ {S 3 }, of radius R S ∈ (−∞, +∞) formed of a massless elastic fluid -a collection of worldlines of test particles. The rotation of S corresponds to a 4-velocity u of the fluid in all possible directions through each point of the spatial slice of the manifold. Let the manifold be punctured, S → S\{0}, that is, containing a point-like dislocation σ, Fig.1 , which can be regarded as a primitive particle (also called preon) having no properties except for the property of possessing a charge (inflow or outflow of test particles, as indicated by arrows in Fig.1 Given a compact control surface C on S (C ∈ S 2 ) with no dislocations (singularities) in its interior, the inflow through this surface should be equal to the outflow (Fig.2) , which is the usual flow conservation condition. In the case of a singularity σ enveloped by C, either inflow or outflow vanishes, which is not consistent with the conservation principle. To restore consistency, the flow should be sent back to S, which can be done through the boundaries by identifying ab with AB:
or by crisscrossing them: The resulting shape is a hypertorus T 3 (for the first case), or the Klein bottle K 3 (for the case with the crisscrossed boundaries). This restores the integrity of the flow and avoids the discontinuity of the manifold at the point of singularity. The above identification of the boundaries implies the existence of closed causal curves, which could be viewed as a problem, though it is known that such curves are allowed to exist by general relativity, which is under intense debate in the literature [17] . In our case, the closed curves are self-causal, which avoids the related paradoxes. The inflow (outflow) Q through this object is still not accounted for, but the total flow of the system is conserved.
3 The field of the primitive particle By regarding the described dislocations of the manifold as primitive particles we have to assume the possibility of these particles interacting with each other; i.e., exercising a force on each other, which in our case is realised by fluid pressure and tension. The corresponding field, ϕ, can be defined in terms of the flow density through an arbitrary 2-surface C surrounding σ. This field is spherically symmetric and roughly inversely proportional to the squared distance between C and σ. However, it is topologically impossible to enclose the central opening (σ) of a 3-torus with an arbitrary 2-surface. Due to this problem, the definition of ϕ in our case has to be modified. LetC be a 2-sphere of radius RC ∈ (0, ∞) on S ∈ {T 3 } or {K 3 } with its centre at σ (but not enveloping σ), as shown in Fig.3 ; namely, by slidingC along S towards σ. The total flowQ throughC is nil since σ is not enveloped byC. However, σ dividesC into placed at σ by slidingC within S towards the topological feature.
S ∈ {T
two hemispheres, so that the flowQ is split into two parts corresponding to the outermost and innermost hemispheres ofC. By calculating the flow density at the innermost "1" and outermost "2" points ofC (Fig.3) one can resolve the field ϕ into two components:
Although the flow line density grows as RC decreases, this density will have a minimum at the origin (or will even vanish in the case of a non-compact manifold) since the boundary of the origin σ is identified here with the outer (larger) circumference of the torus, which is infinite in the case of a non-compact manifold. The corresponding boundary condition (for a non-compact manifold) will be
Then it follows that at some distance from σ the density of flow lines must have a maximum, which would supposedly correspond to the upper bound of the manifold's curvature. When changing RC (say, from zero to a maximal value), the points "1" and "2" ofC take opposite paths on the manifold:
which would result in an asymmetry between the two components of the field; namely, ϕ 2 (ρ) will grow from a minimum (zero) to some maximal value, then decaying again to a minimum at the end of the path of the point "2" (Fig. 4) . The component ϕ 1 (ρ) will uniformly grow for most of the path of "1". Of course, eventually, at the end of this path ϕ 1 will decay to a minimum (zero). Then, the second boundary condition for a non-compact manifold will be One should also take into account torsion which, in the case of a 3-manifold, has three degrees of freedom [18] , and which would lead to the nonlinear Heisenberg equation [19] and nonabelian degrees of freedom. The corresponding field would have a topological quantum number -the colour analogy of helicity in fluid dynamics [20] . In the three-dimensional case there are six possible helical flow orientations, as distinct from, for instance, two-dimensional flow, with its bipolar vorticity and only four possible flow orientations [21] . Then, one can devise a force between primitive particles by regarding, for example, the vortex flow lines as electric currents [22] and calculating the Lorentz force between these currents. It follows that in the case of two like-charged (say, with inflows) primitive particles of opposite vorticities the force ϕ 1 between the flow lines is attractive and ϕ 2 is repulsive. If the particles have like-vorticities the force ϕ 1 will be repulsive.
This accords with the known pattern of attraction and repulsion between colour charges [23] : two like-charged but unlike-coloured particles are attracted, otherwise they repel. We can see that the colour pattern is readily understood in terms of flow vortices on a manifold with the T 3 or K 3 topology. The approximate antisymmetry of ϕ 1 and ϕ 2 in the vicinity of the origin implies that there should exist an equilibrium distance, ρ • > 0, such that
in which case the fields cancel each other. This breaks the initial spherical symmetry of the field, as well as the symmetry of scale invariance, and allows structure formation in the framework of this model.
The simplest bound states of colour preons
Let us consider some simple structures based on the fields (3) with the boundary conditions (4) and (6) and the equilibrium condition (7). The following functional form for the components of this field:
satisfies the conditions (4) and (7). It does not match the second boundary condition (6) but this does not matter for the cases with typical distances between particles of the order of a few units of ρ • . The basic field does not necessarily have to be of the simplest form (8) . Its main feature (the capability of generating equilibrium particle configurations) could be derived from various physical considerations, including the geometry and shape of the manifold, as was shown in [24] . It is also possible to satisfy the boundary condition (6) by modifying the first component of the field in such a way as to nullify it at infinity, e.g.,φ
Nevertheless, for short distances we can adopt the field (8) as a simple example to illustrate the functionality of our model. This field corresponds to the following double-well potential:
For simplicity the range coefficient κ can be set to unity. The coefficient κ = ±1 in (8) denotes the polarity of the field and must be chosen such as to reproduce the above pattern of long-range attraction and short-range repulsion between particles. A field of this kind reveals a potential surface with multiple local minima leading to kinematic constraints of a topological nature, which is analogous to the cluster formation scheme in molecular dynamics [25] . The only difference is that here we have to deal with the tripolarity of the fields. These topological constraints determine a unique set of clusters, the simplest of which are colour dipoles and tripoles composed of, respectively, two and three preons. Obviously, the dipoles are deficient in one colour, whereas the tripole fields are colourless at infinity and colour-polarised nearby, which allows axial (pole-to-pole) coupling of these structures into strings. The potential (10) is graphically shown in Fig. 5 a. This is a typical double-well potential, which is known to lead to chaotic oscillations and stochastic resonances [26] . It is also known to be self-calibrated; i.e., it establishes the length, time and energy scales by, respectively, the separation between wells, oscillation frequency in the inverted barrier and barrier height. We shall use the half-separation between wells (the equilibrium distance, ρ • , corresponding to the minimum of the potential) as the basic unit length for this model. The speed unit, v • , is also intrinsic to the potential (10) in the sense that, given the initial energy, E 0 , one can calculate the corresponding speed of a particle moving in this potential. For example, the speed of a two-preon system with the potential (10) is calculated as
is the reduced mass. By setting the energy E 0 to some level, say, to zero at ρ = ρ max we can calculate the maximal speed, v max = v(ρ • ) ≈ 0.937v • , expressed in units defined by the amplitude and range coefficients of the function (8) . This also establishes the time scale by defining a unit time interval, t • , such that v • t • = ρ • , as well as the other necessary units, like, e.g., the unit of angular momentum, L • , which would correspond to a preon of unit mass, m • , moving with unit speed, v • , along a circular path with unit radius, ρ • . The mass unit, m • , can be defined by calculating the energy of the field ϕ for a single preon:
with the first component of the field, ϕ 1 , removed because the integral ϕ 2 1 dS diverges and, obviously, cannot be used for this purpose. If we ignore for a moment the third colour and consider a two-body system d
-a charged colour dipole with energy E 0 = 0 -we can see that the charges in this system are confined (oscillating) within the region (0, ρ max ), where ρ max ≃ 1.894ρ • (see Fig. 5 ). The symbol ≀ between σ + r and σ + g in (13) simply indicates that these two components oscillate with respect to each other; and the index "y" (yellow=blue) indicates that this structure is deficient in the blue-polarity field, ϕ If the constituents of d The colourless bound state of three like-charged preons with complementary colours (the tripole)
has a finite mass. Given E 0 = 0, the tripole's radius, R Y , will oscillate between zero and R max Y ≃ 1.09ρ • , see Fig. 7 . The tripole system must be stable because it would take an infinite amount of energy to remove any of its three constituents from the system. In their ground state, these constituents will be separated from each other by the distance D = ρ • , corresponding to the tripole's equilibrium radius, R Y = ρ • / √ 3, which minimises the potential shown in Fig. 7 . Since the centres of the tripole constituents do not coincide, the fields ϕ 1 are cancelled only partially and the mass of the tripole's ground state has an excess of about 0.199 m • per preon over the mass of the state with R Y = 0 (curve c in Fig. 6 ).
Two-and three-component strings of tripoles
Due to colour-polarisation of the tripole's fields, different tripoles can interact with each other and form bound states. The simplest of them is a two-component string formed of either two like-charged tripoles:
or oppositely charged tripoles:
Obviously, the tripoles in these systems will be joined pole-to-pole to each other, rotated by 180
• (see the scheme on the left of Fig. 8 ). The corresponding potential energies for the pairs of like-and unlike-charged tripoles as functions of tripole's radii, R Y , and separation, D, between the tripoles are shown in Fig. 8 (a)  and (b) The minimum of the potential for the second (electrically neutral) system γ • , Fig. 8 (b) , is very close to the origin, which means that both electric and colour fields in this system (particle) are cancelled almost entirely. Therefore, in its ground state this particle will have a vanishing mass and will not be able to interact with other similar (neutral) particles, so that in each point of the manifold one can place as many of them as one pleases (the density of the population is not derivable from first principles). By being massless, these particles will move with maximal available speed in all possible directions through each point of the manifold, which can be regarded as an ideal gas of neutral particles. However, in the vicinity of an electric or colour charge the constituents of γ
• will be polarised either electrically or chromatically, converting this particle to an electric or colour dipole. This property of γ
• is important because within this framework one can use the gas of these particles to represent a polarisable medium (vacuum) where the motions and interactions of all other particles take place. The dipole-dipole interactions between the polarised γ
• -particles will result in the formation of instantaneous preonic configurations of different complexity, which can be regarded as a source of new particles, provided the supplied energy is sufficient for the complete separation of the polarised components of γ
• (otherwise, these configurations could be used for modelling virtual particles).
By analogy with the three-component system (15) we can consider a three-component string, e ± , formed of like-charged tripoles:
The potential energy of this string will be minimised for its loop-closed configuration with its constituent tripoles rotated by 120
• with respect to each other (see the scheme on the left of Fig. 9 ). The minimum of the potential surface shown in Fig. 9 corresponds to the static equilibrium of this loop. In reality, such a static state cannot be stable because the tripoles comprising the loop retain their rotational and translational degrees of freedom (around and along their common ring-closed axis) and will be moving under the influence of all the other existing particles, for example, under the stochastic action of the above mentioned gas of the neutral two-component tripole strings. The dynamical parameters of this system will be quite different from those corresponding to the static case shown in Fig. 9 because each of the spinning tripoles will generate a magnetic field modifying (and stabilising) the motions of the two other tripoles in the loop. By the standard dynamo mechanism these motions will induce toroidal and poloidal magnetic fields which in turn will maintain the rotational and orbital motions of the looped tripoles. (We shall discuss the dynamics of this system elsewhere.)
The colour-currents corresponding to the motion of each individual preon in this system are helices (Smale-Williams curves) which, by their closure, make a π-twist around the ring-closed axis of the structure with either clockwise or anticlockwise winding (the scheme shown in Fig.9 corresponds to the anticlockwise winding of the currents). Such a twisting dislocation of the phase is a conserved quantity called topological charge [27] or dislocation index, which has a sign corresponding to the winding direction (clockwise or anticlockwise) and the magnitude related to the winding number per 2π-orbit path. In these terms, the π-phase shift of the currents in the structure e ± corresponds to a topological charge S = ± 1 2 , identifiable also with the particle internal angular momentum (spin). The path of each preon belonging to a particular tripole overlaps exactly with the paths of two other preons that belong to two other tripoles of the structure and whose colour charges are complementary to the colour charge of the first preon. That is, the currents that form the structure e ± are dynamically colourless and, averaged in time, the field of this particle will have only two polarities corresponding to the conventional electric field.
A hierarchy of preonic bound states
One finds that, besides the simplest bound states of colour preons discussed in the previous sections, the field (8) gives rise to a rich variety of other structures. For example, a string of tripole-antitripole pairs has a symmetry similar to that of the structure (18) , which allows its closure in a (minimal) loop, ν e , containing six such pairs (twelve tripoles). Like e ± , this structure is also dynamically colourless but, unlike e ± , it is electrically neutral. Despite its null electric and colour charges, the particle ν e can, nevertheless, interact with e ± through its residual chromoelectric fields, given that the motions of the constituents in both structures are synchronised. In fact, the synchronisation of processes in neighbouring structures is a universal property of nature [28] , so that the structures ν e and e ± will, indeed, interact with each other, the more so because, curiously enough, the helical patterns of their colour currents perfectly match each other, as a screw and its nut, provided that the two particles have like-topological charges (spins), otherwise their residual chromoelectric fields will be repulsive. Two like-topological charges attract each other only if the particles carrying these charges were of two different kinds with the distinct radii of their loops, allowing one of them passing through the central opening of the other (which is the case for the structures ν e and e ± ). Particles of the same kind and size (e.g., two particles e ± ) will be repulsed from each other by having like-topological charges and attracted to each other by having opposite topological charges. This feature of the tripole loops might shed some light on the origin of the Pauli exclusion principle.
By their properties (which include spin, charge, gyromagnetic ratio and parity) the three-and twelvetripole loops (e ± and ν e ) can be identified with the electron and its neutrino, respectively. It can be seen that different combinations of these loops (involving also the tripoles Y ± ) constitute a hierarchy of structures identifiable with the observed variety of elementary particles [29] , including their known bound states and resonances, like mesons and baryons. Due to the topological constraints, the number of constituents in each structure is well-defined by the minimum of its potential energy, so that the hierarchy turns out to be unique.
The masses of these structures ensue from the energies of the motions of their constituents less binding energies (mass defects), which are known as standard mass-generating mechanisms for the composite systems. Therefore, within the framework of this model, there is no need of extra fields, like Higgs, to generate particle masses. In fact, this means that our model favours the negation of the existence of the Higgs' particle and predicts that it will never be found. The same null prediction can be made with respect to the supersymmetric partners of the known particles, since this model does not generate more structures than are needed to explain the origin of the observed variety of particles.
The fields of opposite polarities (or complementary colours) almost entirely cancel each other if two unlike-charged particles (structures) overlap or get close to each other, which also nullifies the masses of the neutral loops, like ν e . This accounts for the so-called "mass paradox", according to which the momentum uncertainty for the constituents of a structure confined in a small volume of a composite particle should necessarily be greater than the mass of the host particle they comprise. In our case the almost infinite energies of the primitive particles are nullified by their binding energies, as in many composite models [30] .
As was estimated in [31] , the radius of the toroidal structure corresponding to the composite electron is R e ≈ 15R Y . If we take a rather conservative estimate of the electron radius, R e = 10 −22 m, based on the extrapolation of the g-factor to radius ratio for the known near-Dirac particles [32] , then the corresponding binding energy between the tripoles constituting the composite electron would be ∼ 10 4 TeV, which is far greater than the energy scales accessible by modern experimental techniques. For example, the proton beam energy of CERN's Large Hadron Collider (LHC) is expected to be of about 7 TeV [33] . Thus, according to our model, there must be a huge gap between the physics described by the standard model and the underlying level of physical reality. This would likely result in very few (if any) new phenomena observable with the use of the most powerful modern colliders. Nevertheless, it is quite possible that some phenomena, either supporting or falsifying our model, could be seen at the TeV energy scale. For instance, quark sub-structures might be revealed by the LHC in the form of deviations from the QCD expectation of the high energy part of the jet cross-sections [34] and also in hadronic di-jets angular correlations [35] .
As was mentioned in Section 3, our model is based solely on the symmetry SU(3)×U(1) of the basic field, whereas the weak interaction is viewed as a low-energy property of composite systems. That is, the weak interaction in our model is not fundamental but a residual effect of underlying chromoelectric fields, similar to the Yukawa interaction between nucleons, which is thought to be a residual interaction between quarks inside each individual nucleon. This is a situation typical for most composite models [36] . It is worth mentioning also that excluding the weak force from the fundamental forces is not at all unreasonable from a theoretical point of view and does not create any problem in the rest of physics, as was recently shown by Harnik, Kribs and Perez [37] . It follows that the weak gauge bosons should also be composite, exhibiting highly nonlinear oscillations of their sub-components [29] . When interacting with each other, the weak gauge bosons would induce synchronous motions of their sub-components, forming chains of coupled oscillators, which might be observable in the TeV energy range within the reach of the LHC.
The composite nature of particles, e.g. of the electron, might also reveal itself at low energies through synchronisation between the constituents of the composite electrons in ferromagnetic electron liquids [38] and low-dimensional electron systems, like Wigner crystals [39] . Another possibility is to detect some exotic electron bound states, like those observed by Jain and Singh [40] in their experiments at CERN aimed at searching for low-mass neutral particles decaying into e + e − pairs. They have reported the detection of short-lived neutral particles having masses of 7 ± 1 MeV and 19 ± 1 MeV. The former might correspond to the minimal spherically closed shell of eight electron-positron pairs [29] comprising a mass of about 8 MeV, less, of course, the binding energy between the constituents of this shell.
Cosmological singularity
The preonic structures discussed in the previous sections correspond to large manifolds, whereas for a reduced volume the situation must be quite different. Let us assume that our manifold S is evolving (either expanding or contracting), with its curvature changing in time. It is not unreasonable to suppose that the coefficient κ in (8) establishing a natural upper bound on space curvature remains constant (given the strong observational constraints on the variability of particle properties [41] ). This might shed light on some important cosmological problems.
Entropy problem. During the contraction phase (in an oscillating universe) the growing curvature of the manifold will reach a value comparable to the intrinsic curvature of the primitive particles. Since the potential (10) has a stationary point at the origin, all the primitive particles on S will be squeezed into a minimal volume, their centres coinciding in the origin.
At this stage the contraction rate and the curvature of the manifold are maximal, whereas its volume is minimal (but not vanishing). Obviously, the minimised volume of the system precludes any structure formation because the superimposed primitive particles lose any degree of freedom for motion. Therefore, the entropy of the collapsed system is minimised, as opposed to the conventional view that entropy never decreases [42] . This simply reflects the fact that entropy, being a macroscopic statistical parameter, cannot be used for characterisation of a single-element system like the collapsed universe modelled with the fields (8) .
Topological problem. The dynamics of the collapsing universe necessarily requires its further evolution (expansion). One can notice that a hypersphere S 3 or the hypertorus T 3 cannot pass from the contraction to expansion phase without reversing the direction of motion, which is impossible when the contraction/expansion rate is maximal. This leaves us with only one possibility: the universe's topology must be K 3 , which is the topology that allows passing from the contraction to expansion phase with maximal speed and without reversing the direction of motion.
Flatness problem. K 3 is known to belong to the class of Euclidean manifolds, which are finite and geodesically complete [43] , implying that any metric on a Klein bottle is conformally equivalent to a flat metric [44] . Moreover, in our case the global geometry of the universe should be very close to Euclidean at any stage of its evolution. This can be seen simply from the fact that in the K 3 case the manifold is turned "inside-out", with the curvatures of the "inner" and "outer" parts of the manifold being equal by their magnitudes and opposite in sign. The total curvature would then be observed almost vanishing, with a residual effect due to the presence of matter (primitive particles), so that our model implies a nearly flat universe, which is what is actually observed [45] .
Charge asymmetry. The model described is symmetric with respect to the number of positive and negative charges (right and left parts of Fig.1 ) as each such pair is viewed as a manifestation of the same topological feature. However, it is known [46] that spacetime manifolds with nontrivial topology, like, e.g., R 3 × S 1 or R × T 3 , can result in breaking of Lorentz and CPT invariance. In simple terms, the charge asymmetry within the framework of the colour preon model could be understood in terms of the distinct paths that inflows and outflows of test particles take on the "inner" and "outer" sections of the manifold. This is likely to lead to a difference in the energy content of these two sections because, due to the existence of an upper limit on the manifold's curvature, these sections will never overlap exactly and, thus, will have slightly different volumes, except for the instantaneous configuration corresponding to the maximal contraction phase. The sign of the difference between their energies will be reversed after each recollapse of the manifold, recovering the CPT symmetry for the entire expansion-contraction cycle.
Horizon problem. So far we have assumed that the magnitude of the fundamental speed, u, (see Section 2) is constant. However, the conservation of angular momentum requires this speed to vary when the radius of the spinning manifold S changes; it should have been maximal when the universe was passing from the contraction to expansion phase and zero when the universe reaches its maximal size. A series of models was developed [47] , assuming the variability of the fundamental speed, in order to resolve the horizon problem and explain the relative smallness of the cosmological constant at present [49] , without focusing specifically on the possible mechanism of this variability. In our case the variability of the fundamental speed necessarily follows from the conservation principle, providing an alternative to the standard inflationary picture and leading to predictions with respect to the homogeneity, flatness and perturbation spectrum, agreeing with observations in the same way as the predictions made by the standard inflationary model [48] . So, the colour-preon model fully embraces the variable fundamental speed theory with its broad field for future theoretical and experimental research.
Structure formation. The potential (10) , by having an unstable stationary point at the origin, implies spontaneous symmetry breaking, resulting in self-organisation of colour charges in complicated structures from the very beginning of the manifold expansion. A system of primitive particles confined within a small volume will undergo a series of phase transitions when this volume changes. The initial spherical symmetry of the field and the symmetry of scale invariance will be broken when the size of the universe grows to a few units of ρ • . The further growth of the volume of the universe implies formation of a complicated network of tripole strings and loops, similar to the carbon nanotubes and fullerenes, as was shown in [29] . It is likely that the subsequent large-scale structure formation in the universe would have been affected by these initial tripole-based structures.
Dark energy. Besides the repulsive and attractive forces due to the SU(3)×U(1) symmetry of the basic field of this model, there should exist a force due to the local gradients of the curvature in the vicinity of each primitive particle. Since the gradient of the curvature is spherically symmetric around the origin, the corresponding reaction force (pressure P ) is centripetal and spherically symmetric. Thus, in the reference frame of σ i the primitive particle σ j will experience a differential pressure directed towards σ i and vice versa, so that the particles in the pair will be accelerated towards each other if no other forces counteract this pressure. In addition to the pressure P there should exist a global pressure [50] , say p, positive, negative, or zero, depending on the sign of the residual curvature of the manifold (see above), which could give rise to a non-vanishing cosmological constant / dark energy [51] . Obviously, | p |≪| P | because the local curvature (corresponding to the pressure P in the vicinity of the primitive particle) is very large.
Conclusions
As we have seen, the framework outlined here appears to be no less natural than the standard inflationary model. The problems with entropy, horizon and flatness of the universe can be addressed without invoking entities of an unknown nature, like inflaton fields or extra dimensions. The cosmological singularity is in our case avoided by assuming some degree of rigidity of the manifold (which also gives rise to the hierarchy of elementary particles). According to this model, the observed characteristics of the universe emerge as a result of phase transitions in the early universe, corresponding to different structural levels of matter on the sub-quark scale. Given the enormous energies implied for the bonds between the clustered sub-quark particles, one should expect similar phase transitions and degeneracy states to occur during the collapse of a stellar object (of course, in the reverse order). The corresponding forces would be increasing from state to state downwards, counter-balancing gravity and preventing this object from complete collapse, even in the case of a supermassive blackhole.
Two of such degeneracy states (white dwarfs and neutron stars) are commonly known; two otherssuch as quark and preon stars -are hypothesised. Our model predicts that some other compact "dark objects" corresponding to the lowest structural levels of matter could be discovered in due course (e.g., by using interferometric techniques [52] ). No doubt the passing from one degeneracy state to another would cause a release of huge amounts of energy previously stored in the form of the mass defect of the primitive particles, which could supply energy for gamma-ray bursts. These objects exhibit variability and multiple peaks in prompt emission on time scales from milliseconds to a few seconds [53] whose mechanism is not quite well understood. It is possible that a collapsing object would dispose of a great amount of its mass/energy before reaching the horizon, which might lead to the horizon oscillations [54] and observable peaks of emission corresponding to the structural phase transitions in the collapsing body. The detection of multiple neutrino outbursts from the supernova SN 1987A [55] also supports this phase transition conjecture.
This model leads to a self-consistent and verifiable framework, which might give an insight both into the nature of the cosmological singularity and the origin of the observed variety of elementary particles. It has inbuilt units of length, time and speed, fixing a scale against which this model can be compared with observations. Within its framework the dynamics of particles and sub-particles can be described in terms of well-established relativistic mechanics and Maxwell's electrodynamics. On the other hand, this model uncovers the mechanisms behind some quantum phenomena (like particle spin, the Pauli exclusion principle, entanglement, virtual particles, etc.), which provides a link between the classical and quantum descriptions of physical reality. Although the characteristic length scale of this model is likely to be close to the Planck-length, one can, in principle, use this model to make calculations for much larger structures. An interesting area for further research would be exploring the phenomenological consequences of this framework on scales where more experimental tests could be conducted, e.g., on the scales of nuclear and atomic structures.
